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SUMIARY

Local-instability tests of 2,5-T aluminum-alloy
formed Z- and channel-section columns were made in
order to determine a length of test specimen that would
avoid the increased strength sssocisted with short
lengths end also permit the occurrence of a convenient
buckling pattern. The effect of column length on the
critical compressive stress, on the average stress at
maximam load, and on the nunber of half-waves of the
buckling pattern is shown. A buckling pettern of three
nalf-waves is indicetzd as desirable for test purposes.
A curve is presented from which may be determined the
lergths of Z- or channel-section columns that give a
buckling pattern of three half-waves. "hen the strength
for local instability is very high, a reduction in the
length indicated by the curve way be necessary tn nrevent
colunn failure. In order to svoid the incrsased strength
associated with short lengths, a ratio of longth to web
wicdth above Z%.5 should be used.

INTRODUCTION

In local-instability tests of 7z~ and channel-section
columns, suitable specimen lengths should be determined.
As the flanges and webs of such columns may be considered
plates with various kinds of edge supports, the local
instability of these columns becomes a plate-buckling
problem. When a plate is long, the critical compressive
stress tends to be independent of length: whereas, if
the plate is very short, the strass increases appreciably.
(See fig. 6 of reference 1.}
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For sn investigeation of cclumns that develop local
instaplility, therelore, the srectueus should Le made
long, ensugh to avHid an qbf”e“l”bl“ incresse in stress
and yet not long snough to result n solurn failure.

Tn order to determine lengths of columns that neet

these reculrerents, tests were nale of formsd Z- and

channel-secticn snluras of various lenzths. This rerors

oresents the lest resulis snd a carve {nr det ermining
creths for test vurposes.

’/)
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Tormed - and chanrel-section cclurns were made
frorm 215-T alvminur sllov with tine grain of the material
prrelltl to the Y the col”mr° srie gheet of
woterial was u Te Pu‘h twpe of colurn, and 73 columms
ol sashh Lype we teatod. Tne ende of tlhie snecimens ware
creund flat, pear srd a2t risht engles vo the JLnJuu
of thz colum:. 1 sk:avm; the ,,mw;1~1_ri mensiong of
the tarce crouss useadd for the Z- and nhbauel-
garetion colammes voeussursd dimensions of the columms
a.d taz test resulis are glven in table 1. For zach

‘ e of Lengti to web width was

)

akbout 10,
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Stress-strain tests of the material were msde with
single-thiciness specimens in & ”3‘1er-t3pe cormprassion
fixtvre similar to that shown in 3 sure « of reference 2.
Corpressivs strass—@trq.n curves a;e showvn in figure 2,
The values of the comnroessive yleld stress, determined
DYy the C.2-nercent-offset methed, ard of the modulus of
elasticity are given in teble 2.

MrTHOD OF TESTING

The column tests were made in & 300,000-yround-
capacity compression tQQtiﬂg rmachine thiat 135 accurate
within three-quarters of 1 nercent for the rerge ol load

uS€d in the tests.

A

A zZ-seotlda column under test is shown in figure 3.
The dirsplacement of pointers, suprorted Lty extensicn
arms attached to the flanges of the 2oluvnns, was measured
by thes cptical micrameters thet can be seen in figurs 3.
The critical comopressive stress was obteined from stress-
distortion curves in the manner described and 1llustrated
in reference 3. In this method, the critical stress is
determined as the polnt near the top of the knee of the
stress-distortion curve whare a markad increase in disteor-
tion first occurs with small incresss in stress.

RESULTS "AND DISCUSSION
The variation of O,. &and o .. with L/by  for

cach of the different types of colum tested is presented

br
= 2L end ZE = o.5
; Dy
develored bending failure for —= > 7. 4 definite rise

o

in figure li. Colums having =E

in critical and maximum stresse hen the columns become
very short iIs shown by these curves. TFor 2ll except the
very short columns, however, the curves are relatlvely

level. The number of hql“—vnves of the buckling rattern
that occurred in each case is also indicated in figure L.,

It has been found desirable for test pu
meke the column length such that en odd numbe
weves develops, because of the convenience in measuring
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crogs-sectional disztertion at the center of the colwmn.
Econony Ji raterial and the pooeidility of boading fallure
1f the colurn *s long ls=a to a cianlce ol lengths such
that the columns will develon the lezst nurmbor of half-
waves i still avnid an eppreciable Increase in stiess

due to the effect »1 short lengths. These considerations,

togethasr with the test recults shown: in fiLuPa L, incicate
thet a buckling pattern of taree anlf-waves i3 the one

moat desiredble for Iinvestigations ol 10"31 lﬂbtabllLtj
of columne,

The length of the half-wave develoved wncn local
stability ozeurs varics, for a given web widt with
tq@ cross=~-sectional ratio bw/bwu The number of half-
waves thern depends cn the ratio of length to web width Lﬂav.
By chowing tlhie number of half-wzvas that occur for givzan
values of Dbp/by and L/by, as illustrated in fignre 5,

curves may be Srawn that show thes relatiornship between
br/by. snd L/by required to obtaln any desired mumber
of hralf-waves, TIn order to cive nroper welzht to the
test rosults chown in figure 5, the numbsr of tests for
whatch cach mwbher of half-waves ozcurred 1s indicated.

A recomnerded curve is dravn in figure 5 to indicate
the progortions of elither a 2- or & chauncl-section column
regquirsd to develon a buekling pattern of three halfi-
waves, wiich 18 desirable for test ypurposes. This curvs
can be 1&3d Ajrectly for celeeting crezimen longths in
many carsee, In cases in which the strength for local
inst&bl¢1ty 1s high (low valucs of »w/t), howover,

sneeiman lengths selected according to the recommencded
curve may not be short cnouagh to prevent bending railurs.
Tt is tW€reFm”€ necessary to checlr the celumn strength
of the specimens selscted and, in scme ceses, to suorten
the soecimenn. In eny case, figure L shows thet, in
order to avold en incrcase in strength due to the eflfect
of very shert lengths, the wvalue of L/b, usad should

bz above 3.5,

For local-ins fdb11 ty tests of Z- an

> channel-
szetion columns, the speceimens should be just long
enough to avoid ths inscreased strength asscociated with
short lsngths but of such length thet a brzkling pattern
convenismnt Tor teszt purposcs occurs. A buckling pattern
of thra¢ hall-waves weets thase roguirenmsnts; the proper
langth for this condition may be sbtalned Ifrom a curve
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based on ftests. Then the strength for locel instability
is very Ligh, a redunction in *his length may be necessar
to wrevent column faillure. In crder to avold *tle

¢
increassd strength associated with short lengths, a
ratio of length to wet width above 3.5 shouli be used.

Langley llemorial Ac
Mational Advisory Conn
Langley rield, Va., aug
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TABLE 1
YEASURED DIMENSIONS OF FORMED SPECIMENS AND TEST RESULTS
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TABLE 1 - Concluded

MPASURED DIMENSIONS - Conoluded
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F igure 1.~ Column cross sechons.
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Stress, ksi
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Figure 2.-Compressive stress-strain curves.
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Figure 5.- Number of half - waves in buckle pattern
produced by various proportions of Z- and

channel - section columns of 24 S-T aluminum
alloy.





